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ABSTRACT 
Objective: This study was aimed to isolate and screen marine sponge-associated bacteria producing anti-Vibrio compounds and to identify their 
compounds from the bacterial extract.  
Methods: Sponge-associated bacteria were isolated by spread plate method. Their anti-Vibrio activity against Vibrio parahaemolyticus, V. harveyi, 
and V. vulnificus was determined by dual culture test. Three potential isolates were identified based on 16S-rRNA gene analysis. All isolates 
producing anti-Vibrio compounds was tested for their haemolytic characters in blood agar medium. Anti-Vibrio activity of the most potential isolate 
was also tested by using its supernatant, extract, and concentrated culture. Chemical composition of crude extract derived from that isolate was 
identified by GC-MS analysis.  
Results: 68 bacterial isolates have been isolated from the marine sponge, Spongia sp., Svenzea sp., Ircinia sp., and Igernella sp. Of 68 isolates, 15 
(22%) isolates had anti-Vibrio activities in various spectra against three Vibrio species, including V. harveyi, V. parahaemolyticus, and V. vulnificus. 
All isolates producing anti-Vibrio compounds were non-haemolytic. Bacterial isolates coded as D6.6, D6.19, and P4.17 have broad spectra. They 
could inhibit at least two Vibrio species as indicated by the clear zone formed around bacterial colonies. Based on 16S-rRNA, these isolates were 
closely related (similarity ≥ 99%) to Brevibacterium casei strain M Sw oHS, Bacillus altitudinis strain FJAT 47750, and Bacillus altitudinis strain 
PgBe190, respectively. D6.6 isolate was the most potential isolate, which could inhibit three Vibrio species. Consistently, its anti-Vibrio activity also 
confirmed by their supernatant, concentrated culture, and crude extract of that isolate. The crude extract derived from this isolate contained 10 
major compounds that are biologically active.  
Conclusion: This study suggests that 15 bacteria strains isolated from marine sponges were potentially could inhibit Vibrio’s growth in vitro. These 
isolate could be further explored as anti-Vibrio agent.  
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Infectious diseases in shrimp, particularly Vibriosis have become a 
serious problem in aquaculture. The disease is caused by pathogenic 
Vibrio, including V. harveyi, V. vulnificus, V. parahaemolyticus, V. 
alginolyticus, V. anguillarum, and V. splendidus [1]. Even though the 
use of antibiotics is considered effective for treating Vibriosis, the 
overuse of those compounds resulted in resistance in some Vibrio 
species. For example, more than 50% of Vibrio parahaemolyticus 
strains isolated from marine and freshwater fish surprisingly 
presented high resistance to ampicillin (88%), amikacin (64%), and 
kanamycin (50%) [2]. Consequently, the challenge to find new 
antibiotics encourages us to look for alternative ways to deal with 
Vibrio infections mainly in shrimp aquaculture.  
The oceans are presently being investigated in the search for new 
active compounds. There is an increased interest in natural 
compounds produced by organisms living in marine habitats. Based 
on the database of marine natural products, more than 32,000 
compounds have been identified [3]. Interestingly, nearly 75% of 
Indonesia is ocean. This condition provides an endless source for 
exploration of marine natural products, particularly those from 
marine bacteria. The water column of the oceans contains 
approximately 106 bacterial cells per milliliter [4]. In addition, they 
also have an association with the marine organism, especially 
sponge. The bacterial density could reach 109 cells per cm3 of 
sponge tissue [5], indicating that the possibility to find diverse 
potential bacteria isolated from sponge tissue is high. Bioactive 
compounds extracted from these bacteria have some biological 
activities, including antibacterial [6-8], antioxidant, antiglycation, 
antiaging [9], anticancer [10-12], antiviral, and antifungal [13]. 
Taking into account those potential characters, the investigation of 
sponge-associated bacteria in producing anti-Vibrio compounds 
needs to be done.  
In some previous studies, sponge-associated bacteria isolated from 
Indonesian Sea showed potent anti-Vibrio activities. Nearly 12 
(15%) of bacterial strains isolated from sponge markedly exhibited 
anti-Vibrio properties in various spectra [14]. Supporting that 
studies, marine bacteria isolated from North Java Sea also have 
antibacterial activity against pathogenic Escherichia coli [15]. Based 
on those reports, marine bacteria isolated from sponge was explored 
for the discovery of new anti-Vibrio compounds. This study was 
aimed to isolate and screen anti-Vibrio activities of sponge-
associated bacteria. We also report the identity of the most potential 
bacterial isolate based on 16S-rRNA analysis. 
MATERIALS AND METHODS  
Sponge and Vibrio spp 
Spongia sp., Svenzea sp., Ircinia sp., and Igernella sp. were collected 
from Pramuka Island, Thousand Island, Jakarta. Vibrio harveyi P-275 
(collection of Research and Development Center of Brackish Water 
Aquaculture, Maros, Indonesia), Vibrio vulnificus 195B, and Vibrio 
parahaemolyticus ATCC 17802 (collection of The Standard of Fish 
Quarantine, Quality Qontrol and Fishery Product Safety, Jakarta, 
Indonesia) were used for primary screening targets. 
Isolation of sponge-associated bacteria 
Nearly 1 g of each sponge biomass was washed by using sterile 
seawater. It was then macerated and diluted through several 
dilution serials (from 10-1 to 10-4). About 100 µl of each dilution was 
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plated on seawater complete (SWC) agar medium (5 g peptone, 1 
yeast extract, 3 ml glycerol, 750 ml seawater, 250 ml distilled 
water), Zobel marine agar (ZMA), and nutrient agar medium by 
using spread plate technique. The inoculated plates were incubated 
at±28 °C for 24 h. The growing colonies were then characterized and 
purified on Luria Bertani agar (1 g tryptone, 1 g NaCl, 0.5 g yeast 
extract, 1.5 agar, 100 ml distilled water).  
Screening for anti-Vibrio activity from sponge-associated 
bacteria 
Antibacterial activity of sponge-associated bacteria was tested by 
using the dual culture method. Each Vibrio strain was cultured in 
SWC broth medium for 24h. About 1 % (v/v) was then inoculated to 
the melted SWC agar medium, and homogenized. The inoculated 
medium was then poured into the sterilized plate. After the medium 
was solid, each sponge-associated bacterial isolate was streaked on 
that medium and incubated at ±28 °C for 24 h. Antibacterial activity 
was indicated by the formation of a clear zone around the bacterial 
colonies. 
Haemolytic assay 
The potential isolates producing anti-Vibrio compounds were tested 
for their haemolysis ability using a blood agar medium. The bacterial 
isolates were streaked on that medium and incubated for 24 h at 
±27 °C. The formation of clear zones around the bacterial colonies 
indicates that the isolate is haemolytic positive. 
Identification of the potential bacteria 
The potential bacterial isolates were cultured on SWC medium, 
incubated at 28 °C and agitated in 120 rpm overnight. About 3 ml of 
bacterial culture was transferred into a sterile microtube and 
centrifuged at 10.000 rpm for 10 min. The genomic DNA was 
extracted using the Genomic DNA Mini Kit (Blood/Cultured Cell, 
Geneaid, Taiwan). The procedures were carried out according to the 
manufacturer’s instructions. The 16S-rRNA gene was amplified 
using 1387R primer (5’-GGG CGG WGT GTA CAA GGC-3‘) and 63F 
primer (5’-CAG GCC TAA CAC ATG CAA GTC-3’) [16] with a targeted 
fragment of 1300 bp. The PCR reaction was performed under the 
following conditions: 25 µl of GoTaq Green Mastermix 2x (Promega, 
Madison, USA), 5 μl of 1387R (10 pmol), 5 μl of 63F primers (10 
pmol), 2 μl DNA template (~100 ng/μl), and adjusted with nuclease-
free water (NFW) to 50 μl. The cycling conditions (30 cycles) were 
pre-denaturation 94 °C for 5 min, denaturation 94 °C for 30 s, 
annealing 55 °C for 45 s, elongation 72 °C for 1 min 30 s, and post-
PCR 4 °C for 5 min. The PCR products were sequenced in FirstBase, 
Malaysia. The sequences were compared to the other 16S-rRNA 
sequences in GenBank NCBI database (http://ncbi.nlm.nih.gov) 
using BlastN (Basic Local Alignment Search Tool). The phylogenetic 
tree was constructed in molecular evolutionary genetics analysis 
program (MEGA) version 7.0 using the neighbor-joining method. 
In vitro anti-Vibrio assay of the most potential isolate 
The most potential isolate was tested to confirm its anti-Vibrio 
activity. The isolate was cultured in SWC broth medium for 72 h, and 
incubated at room temperature (±27°C). After incubation, nearly 1.5 
ml of that suspension was centrifuged in 10.000 rpm for 5 min. The 
supernatants and pellets were separated into different eppendorf. 
The pellets were added with 150 μl of supernatants so that the 
suspension contained ten times of cell number. About 20 μl of that 
culture was inoculated onto the SWC agar medium containing the 
bacterial tests. In addition, nearly 20 μl of supernatants were also 
inoculated on that medium and the plates were incubated for 24 h 
at±27°C. About 1 l culture was also used for the extraction of its 
bioactive compounds. Then, bacterial cultures were added with 
ethyl acetate solvent in ratio 1:1 (v/v) and shaken continuously for 
20 min. The bacterial culture and the ethyl acetate layers were 
separated. The solvent layer was then evaporated using rotary 
evaporator at 50oC. The extract was then stored at 4°C. This extract 
was tested for its anti-Vibrio activity in a concentration of 5000 ppm. 
DMSO and ampicillin (100 ppm) were served as the negative and 
positive control, respectively. 
Chemical identification of the bacterial extract 
The extract derived from the most potential bacteria attributed to 
broad spectrum of anti-Vibrio activity was identified by using the 
GC-MS technique. The GC-MS analysis was carried out in an Agilent 
Technologies 6890N inert C, USA equipped with a fused capillary 
column (58 × 0.25 μm ID × 0.25 μm df). For GC-MS identification, an 
electron ionization system was executed in electron impact mode 
with ionization energy of 70 eV. Helium gas (99.999%) was used as a 
carrier gas at a constant flow rate of 1 ml/min, and 1μl of suspension 
was injected (a split ratio of 50:1). The temperature of injector was 
maintained at 280 °C. The ion-source temperature was 200 °C, and 
the oven temperature was operated from 110 °C (isothermal for 2 
min), with an increase of 10 °C/min to 280 °C, then 5 °C/min to 280 
°C, ended with a 20 min isothermal at 280 °C. Mass spectra were 
taken at 70 eV, a scan-interval of 0.5 s and fragments from 45 to 450 
Da. The solvent delay was 0 to 2 min, and the total GC-MS running 
time was 47 min. MSD ChemStation Data Analysis software 
(G1701EA E.02.02.1431) was used for mass spectra and 
chromatograms analysis. 
RESULTS  
Bacterial isolates from sponge 
From 4 sponge species used, each sponge showed a different 
number of bacteria. As isolated by using three different medium 
(SWC, ZMA, and NA), the total number of bacterial isolates from each 
sponge was found to be diverse. These isolates were selected by 
their colony morphology (shape, color, texture, optical characters, 
and size). Seventeen bacterial isolates, 19 isolates, 16 isolates, and 
15 isolates were isolated from Spongia sp., Svenzea sp. Ircinia sp., 
and Igernella sp., respectively. In instance, a total of 68 bacterial 
isolates were obtained from four sponges. 
Anti-Vibrio activities of sponge-associated bacteria 
Of 68 bacterial isolates, 15 isolates (22%) markedly exhibited 
antibacterial activity against three Vibrio species in various spectra 
(table 1). These isolates were able to inhibit at least one Vibrio species. 
Interestingly, the isolate coded as D6.6 (isolated from Spongia sp.) 
showed a broad spectrum of anti-Vibrio activity. This isolate was able 
to inhibit all three Vibrio species, including V. harveyi, V. 
parahaemolyticus, and V. vulnificus. The other bacterial isolates 
displayed narrow spectra of anti-Vibrio activities. They displayed 
antibacterial activity only in one or two test strains of Vibrio. 
Haemolytic character of te selected isolates 
In the present study, 15 potential isolates showed a negative 
haemolysis reaction. These isolates were not able to lyse red blood 
cells in the medium, indicating that the bacteria were suspected not 
to be pathogenic to human and animal. In this study we used V. 
vulnificus as positive control. There was a lytic zone around the V. 
vulnificus’s colony.  
The molecular identification bacterial isolates  
Three potential isolate coded as D6.6, D6.19, and P4.17 were 
selected for molecular identification. The 16S-rRNA gene 
amplification of these isolates showed DNA fragment ~1300 bp in 
size. Based on BlastN program, both D6.19 and P4.17 isolate were 
highly homolog (similarity 94% and 99%) with Bacillus altitudinis in 
different strains, and D6.6 was similar to Brevibacterium casei 
(similarity 100%), as shown in table 2. Consistently, D6.19 and 
P4.17 were located in the Bacillus clade, while D6.19 was located in 
the Brevibacterium clade (fig. 1). 
The anti-Vibrio activity of extract, supernatant, and 
concentrated culture of the most potential isolate 
The supernatant concentrated culture, and extract from D6.6 isolate 
consistently exhibited clear zone formation (fig. 2). The best 
inhibition of Vibrio’s growth was showed by the concentrated 
culture against V. vulnificus. Ampicillin as a positive control also 
showed anti-Vibrio activity at 100 ppm, while there was no clear 
zone formation in DMSO treatment. 
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Table 1: Inhibition of Vibrio’s growth by sponge-associated bacteria 
Sponges Isolate code Anti-Vibrio activity* 




D6.3 - +++ - 
D6.6 + + + 
D6.9 + + - 
D6.8 + - - 
D6.18 + ++ - 
D6.19 ++ +++ - 
Svenzea sp. P4.11 + ++ - 
P4.17 - +++ + 
P4.19 - - + 
P4.21 ++ - - 
 
Ircinia sp. 
P5.10 + - - 
P5.20 + + - 
Igernella sp. P6.13 - ++ - 
P6.15 - ++ - 
*Clear Zone diameter: 0 mm: -; 0.1-2.5 mm: +;>2.5-5 mm: ++;>5 mm: +++ 
 
Table 2: The identity of bacterial isolates based on the 16S-rRNA sequence 
Isolates code Closest relative strain E-value Identity Query cover Accession number 
 D6.6 Brevibacterium casei strain M Sw Ohs 0.0 94 100 KF777366 
 D6.19 Bacillus altitudinis strain FJAT 47750 0.0 99 100 MG651154 
 P4.17 Bacillus altitudinis strain PgBe190 0.0 100 100 MH211281 
 
 
Fig. 1: Genetic relationships of three potential isolates compared to their closest relative strains 
 
 
Fig. 2: Anti-Vibrio activities of supernatant, concentrated culture, and crude extracts of D6.6 isolate in SWC agar medium after 24 h 
incubation at±27°C 
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Fig. 3: GC-MS chromatogram of a crude extract derived from D6.6 isolate 
 
Table 3: Ten major compounds in the crude extract derived from D6.6 isolate 
No. Compounds Formula Retention 
time 
Peak area (%) Similarity 
(%) 
Biological activity [references] 
1. Thiophene,2-butyl- C10H16S 15.87 8.18 53 Anticancer, antiinflammation [17] 
2.  Octadecane C18H38 16.88 6.90 98 Unknown 
3.  Silane, trimethyl-2-propyne- C6H12Si 19.50 3.20 38 Unknown 
4. Eicosane C20H42O 19.95 9.33 97 Antifungal [18] 
5. 2(5H)-furanone, 5-(2-methyl-2-
propenyl)-4-methyl- 
C9H12O2 20.12 6.61 97 Unknown 
6. Cyclohexane,1-(cyclohexylmethyl)-
2-methyl, cis- 
C14H26 20.22 4.89 47 Unknown 
7. Heptane,1,7-dibromo- C7H14Br2 20.87 10.08 43 Unknown 
8. Fluoranthene C16H10 21.89 15.20 97 Enzyme inhibitor [19] 
9. Docosane  C22H46 23.10 9.87 97 Antibacterial [20] 
10. Tetracosane C24H50 26.21 11.91 97 Cytotoxic [21] 
 
Chemical composition of the crude extract from D6.6 isolate 
Based on GC-MS analysis, D6.6 derived extract was dominated by ten 
compounds, including thiophene, 2-butyl-; octadecane; silane, 
trimethyl-2-propyne-; eicosane; 2(5H)-furanone, 5-(2-methyl-2-
propenyl)-4-methyl-; cyclohexane,1-(cyclohexylmethyl)-2-methyl, 
cis-; heptane,1,7-dibromo-; fluoranthene; docosane; and tetracosane 
(table 3). These compounds showed different retention time and 
peak area (fig. 3). 
DISCUSSION 
In this study, we investigated the potential of sponge-associated 
bacteria as the candidate of antiVibriosis on shrimps. The number of 
bacteria isolated from 4 sponges species was found to be diverse. All 
sponges, Spongia sp., Svenzea sp. Ircinia sp., and Igernella sp. 
containing at least 15 bacterial isolates proved to be sources of 
diverse bacteria that produced bioactive compounds. The number of 
bacteria isolated may be influenced by the isolation technique, 
nutrient content on medium, and type of sponge used. In this study, 
a total of 68 isolates were obtained. These culturable bacteria could 
be the microbiological evidence of symbiotic interaction between 
the sponge and their bacterial symbiont. Of 68 isolates, 15 isolates 
(22%) markedly exhibited anti-Vibrio activities in various spectra 
against V. harveyi, V. parahaemolyticus, and V. vulnificus, as indicated 
by the clear zone formation around bacterial colonies. The different 
spectra of anti-Vibrio activity indicated the chemical diversity of 
anti-Vibrio bioactive compounds produced by these bacteria. Based 
on their anti-Vibrio activity, it is likely that these isolates have an 
important role in supporting host defense mechanisms. According to 
haemolytic assay, these isolates were haemolytic negative, 
suggesting that these potential isolates were not pathogenic bacteria 
in human. Thus, these isolates can potentially be explored as the 
antiVibriosis agent.  
Three isolates coded as D6.6, D6.19, and P4.17, showed great anti-
Vibrio activity. Two isolates, D6.19 and P4.17 were closely related 
(similarity ≥ 99%) to Bacillus altitudinis strain FJAT 47750 and 
Bacillus altitudinis strain PgBe190, respectively. Surprisingly, D6.6 
isolates showed low similarity (94%) to Brevibacterium casei strain 
M Sw oHS suggesting the novelty of this isolate. Both Bacillus and 
Brevibacterium genera were commonly known as the antimicrobial 
compounds producer. As reported by Gao et al. [22], marine Bacillus 
strain has a strong anti-Vibrio activity against 29 Vibrio strains. 
Supporting these results, Abubakar et al. [23] also demonstrated 
that Bacillus isolates were able to inhibit not only Gram-positive 
bacteria, but also Gram-negative bacteria, including V. harveyi, 
Staphylococcus aureus, E. coli, and Pseudomonas aeruginosa. Other 
Bacillus associated with marine sponge in Thousand Island, 
Indonesia, also has an excellent anti-Vibrio activity against V. 
parahaemolyticus, V. vulnificus, and V. harveyi, as reported by 
Wahyudi et al. [14]. The antibacterial activity of Bacillus is likely to 
be influenced by their capability in synthesizing diketopiperazines, 
heat resistance compounds in size 1 kDa [24]. Further study needs 
to be done to identify the anti-Vibrio compounds produced by these 
isolates. 
D6.6 isolate was the widest spectrum of anti-Vibrio compounds 
producer, identified as Brevibacterium casei. This genus has also well 
studied as antibacterial compounds producer classified as a broad 
spectrum of antibacterial against both Gram-positive and Gram-
negative bacteria [25]. Kiran et al. have successfully investigated the 
potential of marine Brevibacterium casei as Vibrio biocontrol. The 
study suggested that poly-hydroxy butyrate derived from that 
isolate was able to inhibit pathogenic bacteria on shrimp including V. 
alginolyticus and V. harfeyi [26]. Consistently, the anti-Vibrio activity 
of D6.6 isolate has also been confirmed by its supernatant, 
concentrated culture, and metabolites. The inhibitory effect of the 
supernatant, culture and extract indicate that the anti-Vibrio 
compound is likely an extracellular molecule.  
The capability of supernatant, extract and culture of D6.6 isolate to 
inhibit Vibrio sp. is likely to be caused by activity of docosane as one 
of the major compounds identified. It has been reported as 
antibacterial by previous study [20]. The presence of this compound 
has been identified in the crude extract of that isolate. Wang et al. 
reported that docosane isolated from Metaplexis japonica has high 
and wide antibacterial performance against five Gram-positive and 
seven Gram-negative bacteria strains [20]. Other compounds were 
also found as dominant compounds in D6.6-derived extract, 
including thiophene, 2-butyl-; octadecane; silane, trimethyl-2-
propyne-; eicosane; 2(5H)-furanone, 5-(2-methyl-2-propenyl)-4-
methyl-; cyclohexane,1-(cyclohexyl methyl)-2-methyl, cis-; heptane, 
1,7-dibromo-; fluoranthene; and tetracosane. Some of these 
compounds have been reported as biologically active compounds. 
They act as anticancer, antifungal, enzyme inhibitor, and cytotoxic 
compounds [17-21]. In conclusion, we suggest that D6.6 isolate 
needs to be further investigated as biocontrol candidate especially 
for controlling Vibriosis in shrimp caused by Vibrio sp. This is the 
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first report on the anti-Vibrio activity of Brevibacterium casei 
isolated from Indonesian marine sponge.  
CONCLUSION 
Of 68 bacterial isolates, 15 isolates (22%) showed anti-Vibrio 
activities in various spectra against three Vibrio species, including V. 
harveyi, V. parahaemolyticus, and V. vulnificus. Bacterial isolates 
coded as D6.6, D6.19, and P4.17 have broad spectra. Based on 16S-
rRNA, these isolates were closely related to Brevibacterium casei 
strain M Sw oHS, Bacillus altitudinis strain FJAT 47750, and Bacillus 
altitudinis strain PgBe190, respectively. The anti-Vibrio activity of 
the most potential isolate (D6.6) are also consistent as showed by its 
supernatants, concentrated culture, and crude extracts activities. 
D6.6 derived extract contains 10 major compounds which are 
biologically active. Based on those potential properties, these 
sponge-associated bacteria need to be developed as anti-Vibriosis 
agents.  
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